TITLE OF THE INVENTION 
NETWORK DEVICE AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-245373, filed August 26, 2002, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to improvement of a network 
device and a network method, by which mutual 
transmission/reception of data is realized among 
networks with different standards from each other. 

2. Description of the Related Art 
Recently, it has been possible to construct a 

network system in which two or more pieces of AV (Audio 
Video) equipment are connected to each other in a free 
form by a serial bus using a digital interface 
according to the IEEE (Institute of Electrical and 
Electronics Engineers) 1394 standard, as is generally 
known . 

Moreover, the IEEE 1394. 1 standard has existed in 
order to connect a network according to the IEEE 1394 
standard and another network constructed according to a 
standard other than IEEE 1394 and to transmit/receive 
data between both networks. In the IEEE 1394. 1 



- 2 - 



standard, an equipment (node) which functions as 
a conduit between networks is called as a bridge. 
The following processing is executed in the bridge: 

(1) The node which functions as a bridge notifies 
5 each network of its own bridge function, using 

an extended flag in a Self_ID packet. Thereby, each 
node (AV equipment) constructing each network 
understands the extended flag supplied from the bridge. 

(2) Each network is processed as a different bus 
10 from each other. That is, each network has individual 

Bus_IDs which are defined in the IEEE 1394 standard. 
Accordingly, each node in one network can access those 
in other networks, using the Bus_IDs. 

(3) Destination addresses (Node__IDs in the IEEE 

15 1394 standard) of each node (AV equipment) constructing 

other networks are managed by the bridge which assigns 
virtual Node_IDs. 

However, the following problems have been caused 
in the above-described network bridge: 

20 (1) In the application of the IEEE 1394. 1 

standard, conformity of even a physical layer level to 
the standard is required and modifications are 
indispensable in LSIs (Large Scale Integration) meeting 
the current IEEE 1394a-2000 standard, for it is 

25 indicated by the extended flag in the Self_ID packet 

which node manages the virtual IDs, that is, which one 
is the bridge. Therefore, the conformity to the 



standard becomes difficult in the existing equipment 
which has already been marketed. 

(2) Although each node in a network accesses nodes 
in other networks, using the Bus_IDs, there has also 
existed a network which has a protocol under which the 
Bus__IDs cannot be used. For example, in the protocol 
standard of the IEC (International Electrotechnical 
Commission) 61883 in which data transmission according 
to MPEG (Moving Picture Experts Group) 2-TS (Transport 
Stream) and the like is executed under use of 
isochronous packets, the Bus_IDs are not used and only 
Physical_IDs are utilized in order to indicate the 
source of the isochronous packets. Accordingly, a 
source cannot be identified in the case of a packet 
from another network with a different Bus_ID. Here, a 
Node_ID which indicates a destination in the IEEE 1394 
standard is expressed as follows: 

Node_ID = Bus_ID (ten bits) + Physical_ID 
(six bits) 

BRIEF SUMMARY OF THE INVENTION 
According to one aspect of the present invention, 

there is provided a network device comprising: 

a first connection section configured to be 

connected to a first network; 

a second connection section configured to be 

connected to a second network different from the first 

network; 



a control section configured to detect equipment 
connected to the second network through the second 
connection section, to generate identification 
information by which the detected equipment is added to 
the first network, and to transmit the information to 
the first network through the first connection section. 

According to one aspect of the present invention, 
there is provided a network method of making data 
transmission between a first network and a second 
network different from the first network, comprising: 

requiring construction by which equipment 
connected to the second network is added to the . first 
network; and 

transmitting identification information, by which 
equipment connected to the second network is added to 
the first network, to the first network in a state 
where the construction is required. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a block diagram showing one embodiment 
according to the invention and explaining a state where 
two kinds of networks are connected to each other 
through a bridging device; 

FIG. 2 is a block diagram explaining a detailed 
configuration of the bridging device in the embodiment; 

FIG. 3 is a block diagram explaining a state where 
the two kinds of networks in the embodiment are 
virtually connected as one network; 



FIG. 4 is a flow chart explaining operations by 
which a piece of equipment in one network recognizes 
another piece of equipment in the other network 
according to the embodiment; and 

FIG. 5 is a flow chart explaining operations by 
which data transmission is executed from a piece of 
equipment in one network to another piece of equipment 
in the other network according to the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, one embodiment according to 
the invention will be explained in detail, referring 
to drawings. In FIG. 1, a reference numeral 11 is 
AV equipment, for example, which complies with 
IEEE 1394a-2000. 

The AV equipment 11 is connected to a bridging 
device 13 through a network bus of a first network 
complying with the IEEE 1394 High Performance Serial 
Bus standard. 

Also, the bridging device 13 can transmit/receive 
data to/from two or more pieces (two pieces in the 
drawing) of AV equipment 15 and 16 through a wireless 
network 14 of a second network, according to the IEEE 
802. 11a standard and the like. 

It is configured in this embodiment that the AV 
equipment 11 connected to the 1394 bus 12 specifies 
an arbitrary piece of AV equipment 15 or 16 connected 
to the wireless network 14 according to another 



standard and executes transmission/reception of data 
to/ from the arbitrary equipment. 

FIG. 2 shows the details of the bridging 
device 13. The bridging device 13 comprises: a 1394 
I/F (Interface) section 17; a wireless I/F section 18; 
a quantity detection section 19; an information 
collection section 20; a temporary-ID assignment 
section 21; an identification-information transmitting 
section 22; a bus reset section 23; an related- 
identification-information storage section 24; and 
a transfer section 25. 

The 1394 I/F section 17 is connected to the 1394 
bus 12 and is an interface which executes 
transmission/reception of data to/from the AV equipment 
11 in processing according to the IEEE 1394-1995 
standard or the IEEE 1394a-2000 standard. 

The wireless I/F section 18 is connected to the 
wireless network 14 and is an interface for executing 
transmission/reception of data to/from the AV equipment 
15 or 16 in processing according to a standard for 
a wireless network. 

The quantity detection section 19 detects through 
the wireless I/F section 18 the number of the pieces of 
AV equipment 15 and 16 which are connected to the 
wireless network 14. The information collection 
section 20 collects through the wireless I/F section 18 
various kinds of information on the pieces of AV 



equipment 15 and 16 which are connected to the wireless 
network 14. 

The temporary-ID assignment section 21 issues the 
corresponding number of temporary IDs (identifiers) to 
that of the pieces of AV equipment 15 and 16 detected 
in the quantity detection section 19 and assigns the 
temporary IDs to the pieces of AV equipment 15 and 16, 
respectively. 

The identification- information transmitting 
section 22 is configured to transmit the IDs issued in 
the temporary-ID assignment section 21 to the 1394 bus 
12 through the 1394 I/F section 17 in a state where the 
IDs are stored in Self_ID packets, respectively. 

The bus reset section 23 is configured to 
reconstruct the 1394 bus 12 through the 1394 I/F 
section 17 in order to give information on the pieces 
of AV equipment 15 and 16 connected to the wireless 
network 14 to the AV equipment 11 on the 1394 bus 12, 
based on at least one of an output from the quantity 
detection section 19 or that from the information 
collection section 20. 

The related-identification- information storage 
section 24 stores various information items about the 
AV equipments 15 and 16 connected to the wireless 
network 14. The information items have been supplied 
from the information collection section 20. The 
section 24 stores the IDs of the AV equipments 15 and 



16, which have been issued from the temporary-ID 
assignment section 21. In the storage section 24, the 
information items are stored in association with the 
IDs of the AV equipments 15 and 16. 

The transfer section 25 converts the destination 
of a packet, among packets transmitted from the AV 
equipment 11 on the 1394 bus 12, with an ID, by which 
an arbitrary piece of AV equipment 15 or 16 on the 
wireless network 14 has been addressed, to that of the 
AV equipment 15 or 16 on the wireless network 14 and 
reconstructs the packet to obtain a packet with 
a format according to a protocol meeting that of the 
wireless network 14, 

Hereinafter, operations will be explained in the 
above configuration. In the first place, the AV 
equipment 11 and the bridging device 13 mutually 
recognize on the side of the 1394 bus 12 that only both 
of the pieces of equipment are connected to the 
network. Also, the bridging device 13, and the pieces 
of AV equipment 15 and 16 mutually recognize on the 
side of the wireless network 14 that only three pieces 
of equipment are connected to the network 14. 

Under the above circumstances, the bridging device 
13 identifies the pieces of AV equipment 15 and 16 
connected to the wireless network 14. The quantity 
detection section 19 executes the above identification 
by detection, through the wireless I/F section 18, of 



the number of the pieces of AV equipment 15 and 16 
connected to the wireless network 14. Also, the 
information collection section 20 executes the above 
identification by collection, through the wireless i/F 
section 18, of various kinds of information on the 
pieces of AV equipment 15 and 16 connected to the 
wireless network 14 . 

The information which is collected in the 
information collection section 20 is as follows: 

* IDs unique to the pieces of AV equipment 15 and 16, 
such as MAC (Media Access Control) addresses and EUI 64 
identifiers . 

* Identification information on the protocols such as 
IP (Internet Protocol) addresses and Node_IDs according 
to the IEEE 1394 standard. 

* Protocols, data types, and data formats which the 
pieces of AV equipment 15 and 16 can process, such as 
TCP (Transmission Control Protocol) and UDP (User 
Datagram Protocol) , Subunit information for AV/C (audio 
video control), and formats of image data . according to 
MPEG2-TS. 

* Information which the pieces of AV equipment 15 and 
16 store, such as names, names of manufacturers, 
versions, and icons for the pieces of equipment. 

* Information on configurations of the pieces of 
AV equipment 15 and 16, such as data rates and 
buffer sizes with which information can be 



transmit ted/ received. 

Since it is shown that there has been a change in 
the configuration of the wireless network 14 when the 
number of the pieces of equipment detected in the 
quantity detection section 19 is one or. more, or, when 
the pieces of AV equipment 15 and 16 have been changed 
to different pieces of equipment from those of the 
collection result by the information collection section 
20 even if the number of detection is not changed, the 
configuration of the 1394 bus 12 is required to be 
changed. 

In such a case, the bridging device 13 is 
configured to add the pieces of AV equipment 15 and 16 
on the wireless network 14 to the 1394 bus 12. That 
is, a number of IDs, equal to the number of pieces of 
equipment detected in the quantity detection section 19 
(equivalent to Physical_IDs , for the IEEE 1394 standard 
is applied here as an example) are issued in the 
temporary-ID assignment section 21. Here, the 
Physical_ID is called "a temporary ID", for the 
Physical_ID is changed at change in the configuration 
of the bus, that is, at reset of the bus in the IEEE 
1394 standard. 

When the bus reset section 23 detects, from at 
least one of an output from the quantity detection 
section 19 and that from the information collection 
section 20, that the configuration of the wireless 



network 14 is changed, the 1394 bus 12 is configured to 
be reconstructed (bus reset) according to the IEEE 1394 
standard by the bus reset section 23 through the 1394 
I/F section 17. 

At the final stage of the bus reset, packets, 
called Self_ID packets, are generated in the 1394 I/F 
section 17 and are transmitted to the 1394 bus 12. 
There is, in a Self_ID packet, an area where a 
Physical_ID is stored, and a node (the AV equipment 11) 
which receives the Self_ID packets detects how many 
nodes exist on the above 1394 bus 12. Thereby, after 
the Self_IDs are transmitted at the final stage of the 
bus reset, the 1394 I/F section 17 in the bridging 
device 13 sends the Self_lDs of the pieces of AV 
equipment 15 and 16. 

For example, when it is assumed that the AV 
equipment 11 sends a Self_ID packet of a Physical_ID 
(PHY_ID) = 0, the 1394 I/F section 17 sends Self_ID 
packets, respectively of a PHY_ID = 1 (for the AV 
equipment 15), a PHY_ID =2 (for the AV equipment 16), 
and a PHY_ID = 3 (for the equipment 17 itself, that is, 
the bridging device 13) . 

Then, the AV equipment 11 having received these 
Self_ID packets recognizes that four pieces, including 
the equipment 11 itself, of equipment 11, 13, 15, and 
16 are connected to the 1394 bus 12, (including virtual 
1394 buses 26 and 27) as shown in FIG. 3. 
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Also, since the set membership among pieces of 
equipment in a network is defined immediately after 
starting of bus reset in the IEEE 1394 standard, a 
configuration in which PHY__IDs are assigned to the 
pieces of equipment on the wireless network 14 and a 
virtual set membership among the pieces of equipment is 
defined may be applied in the temporary-ID assignment 
section 21. 

The set membership is transmitted to the AV 
equipment 11 on the 1394 bus 12 in a Self_ID packet. 
For example, it is defined as shown in FIG. 3 that the 
AV equipment 11 is a child of the bridging device 13; 
the AV equipment 16 is a child of the AV equipment 15; 
and the AV equipment 15 is a child of the bridging 
device 13 and a parent of the AV equipment 16. 

In order to smoothly execute a series of 
operations for transmitting the above Self_ID packets, 
it is preferable that the bridging device 13 is a route 
node (the route node is a parent node and a node which 
is not a child node and which has the largest PHY_ID) 
on the 1394 bus 12. Thereby, there may be considered a 
configuration in which a route acquisition section (not 
shown) influences the 1394 I/F section 17 so that the 
bridging device 13 becomes a route node. 

FIG. 4 shows a flow chart for a series of 
operations which transmit Self_ID packets. In the 
first place, processing is started (step Sll) and the 



bridging device 13 recognizes in step S12 that each of 
the 1394 bus 12 and the wireless network 14 
individually forms a network. 

Subsequently, the bridging device 13 detects in 
step S13 the number of the pieces of AV equipment 15 
and 16 which are connected to the wireless network 14 
and judges in step S14 whether the number is one or 
more. Then, when it is decided that the number is not 
one or more (NO) , the bridging device 13 ends the 
processing (step S22) . 

Also, when it is decided in step S14 that the 
number is one or more (YES) , the bridging device 13 
collects in step S15 information on each of the AV 
equipment 15 or 16 on the wireless network 14 and it is 
determined in step SI 6 whether there is a change in the 
information on the pieces of AV equipment 15 and 16. 

Then, when it is decided that there is no change 
(NO) , the processing of the bridging device 13 is 
returned to that of STEP S13. Also, when it is decided 
in step S16 that there is a change (YES), the bridging 
device 13 makes, in step S17, a set relationship among 
the pieces of AV equipment 15 and 16 on the wireless 
network 14 for a case in which the pieces of equipment 
are virtually connected to the 1394 bus 12. 

Subsequently, the bridging device 13 assigns, in 
step S18, IDs to each piece of the AV equipment 15 
and 16, considering the set membership for virtual 



connection of the pieces of AV equipment 15 and 16. 

In such a case, various kinds of information on 
the pieces of AV equipment 15 and 16 collected in step 
S15 and IDs, which have been issued in step S18 
corresponding to each piece of the AV equipment 15 
and 16, are stored in the related-identification- 
information storage section 24 in relation to each 
other . 

Then, the bridging device 13 generates, in step 
S19, Self_ID packets, by which the pieces of AV 
equipment 15 and 16 on the wireless network 14 are 
added to the 1394 bus 12, from the set membership for 
the virtual connection and the assigned IDs. 

Thereafter, the bridge device 13 reconstructs the 
1394 bus 12 (thus, performing bus reset) in step S20. 
In Step S21, the self_ID packets are transmitted to the 
1394 bus 12. In step S22, the process is terminated. 

Next, operations for a case in which data is 
transmitted from the AV equipment 11 to the AV 
equipment 15 in a state where the AV equipment 11 
recognizes that four pieces of equipment 11, 13, 15, 
and 16, including the equipment 11 itself, are 
connected to the 1394 bus 12 will be explained as one 
example . 

That is, various kinds of information, collected 
in the information collection section 20, regarding the 
pieces of AV equipment 15 and 16 on the wireless 
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network 14, and IDs (PHY_IDs) assigned to the pieces of 
the AV equipment 15 and 16, have been stored in the 
above-described related- identification- information 
storage section 24 in relation to each other. 
5 Usually, the AV equipment 11 inquires of each node 

on the 1394 bus 12 for the performance and the 
equipment type after the bus reset. But a 
configuration in which the bridging device 13 answers 
the inquiry as a proxy may also be applied. In this 
10 case, information in the related-identification- 

information storage section 24 corresponding to the 
PHY_ID of the AV equipment under inquiry is supplied as 
an answer. 

Moreover, there may be considered an operation in 
15 which each piece of the AV equipment 15 or 16 on the 

wireless network 14 is sequentially inquired through 
the transfer section 25 in the bridging device 13 in 
an actual manner whenever the above inquiry is made. 
The contents included in the inquiries may be reserved 
20 in the related-identification-information storage 

section 24. 

For example, when a certain command is issued from 
the AV equipment" 11 to the AV equipment 15, the AV 
equipment 11 uses the PHY__ID = 1, which has been 
25 virtually assigned to the AV equipment 15, as 

a destination in order to transmit a packet as well as 
the case in which a command is transmitted to a piece 
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of equipment on the same bus. The transmitted packet 
is received in the 1394 I/F section 17 and transmitted 
to the transfer section 25. 

In the transfer section 25, it is determined 
5 whether the destination is the PHY_ID assigned in the 

temporary-ID assignment section 21 and the destination 
is converted to a destination on the wireless network 
14, referring to information in the related- 
identification-information storage section 24. Also, 
10 if required, the packet is reconstructed to obtain a 

packet with a configuration suitable for the wireless 
network 14. 

Then, the packet converted in the transfer section 
25 is transmitted to the equipment 15 on the wireless 

15 network 14 through the wireless I/F section 18, that 

is, data transmission from the AV equipment 11 to the 
AV equipment 15 is executed. 

When an answering packet (acknowledgement) is 
transmitted back from the AV equipment 15, the 

20 acknowledgement received through the wireless 

I/F section 18 is reconstructed in the transfer 
section 25 and is transmitted to the AV equipment 11 
on the 1394 bus 12 through the 1394 I/F section 17. 
A configuration provided with means by which, when the 

2 5 AV equipment 15 does not return the acknowledgement, 

the 1394 I/F section 17 in the bridging device 13 acts 
as means for returning the acknowledgement, may be 



applied. 

FIG. 5 shows a flow chart of operations for data 
transmission from the AV equipment 11 to the AV 
equipment 15. In the first place, processing is 
started (step S23) and, in step S24, the AV equipment 
11 as the transmitting side sends to the 1394 bus 12 
a Self_ID packet in which an ID (PHY__ID) having an 
address for the AV equipment 15 of the receiving side 
as a destination is stored. 

Subsequently, the bridging device 13 receives the 
packet transmitted to the 1394 bus 12 in step S25 and 
it is determined at In STEP S26 whether the received 
packet is addressed to the AV equipment 15 or 16. When 
it is decided that the packet is not addressed to the 
AV equipment 15 or 16 on the network 14 (NO) , the 
processing of the bridging device 13 is returned to 
that of STEP S25. 

Also, when it is decided at the above-described 
STEP S26 that the received packet is addressed to the 
AV equipment 15 or 16 on the wireless network 14 (YES) , 
the bridging device 13 specifies, in step S27, the AV 
equipment 15 on the wireless network 14 to which 
equipment the packet is required to be transferred, 
collating information, which has been reserved in the 
related- identification- information storage section 24 , 
relating to the AV equipment 15 and 16 on the wireless 
network 14, with the ID of the received packet. 



Subsequently, the bridging device 13 converts, in 
step S28, the format of the received packet to that 
complying with the protocol applied in the wireless 
network 14; the destination is converted in step S29 to 
that of the specified AV equipment 15 on the wireless 
network 14; and, in step S30, the packet is transmitted 
to the AV equipment 15, based on the protocol applied 
on the wireless network 14 to end the processing 
(step S31) . 

According to the above-described embodiments, it 
is possible, by transmitting the equal number of 
Self_ID packets to that of the pieces of AV equipment 
virtually connected to the AV equipment 11 on the 1394 
bus 12, to easily identify pieces of equipment among 
networks to which different standards are applied, and 
to execute transmission/reception of a packet among the 
networks . 

Also, since the 'pieces of equipment are virtually 
configured to be in a network on the same bus, 
communication can be realized according to a protocol 
even when the protocol cannot meet conditions for 
communication among different buses or even in an 
environment in which networks with different standards 
actually exist. 

A case in which the pieces of AV equipment 15 and 
16 on the wireless network 14 are virtually connected 
to the 1394 bus 12 has been explained in the 



above-described embodiments. Conversely, the AV 
equipment 11 on the 1394 bus 12 may be configured to be 
connected to the wireless network 14 in a virtual 
manner . 



